The microscopic structure of the single-particle motion for the spherical-deformed transitional nuclei is analysed by using the self-consistent collective-coordinate method (See method). The single-particle motion in the moving-frame of reference called the collective vibrating coordinate frame is introduced by the generalized Bogoliubov transformation depending on the collective coordinate. The numerical calculations of the single-particle (quasi-particle) energy level diagrams and their occupation probabilities for the static deformation are carried out for the Sm isotopes. A clear change of the single-particle distribution structure appears in the course of deformation. § 1. Introduction
In the study of nuclear collective motions, a central theme is to clarify non-linear dynamics among the collective and independentcparticle. motions_ The anharmonic quadrupole motion at low-spin states in the transitional region between spherical and deformed nuclei is one of the typical examples of the non-linear, large-amplitude collective motions accompanying an equilibrium deformation. The self-consistent collective coordinate (See) method originally proposed by Marumori, Maskawa, Sakata and Kuriyama 1) is promising for this purpose_ The most impo~tant point of the see method is that, within the framework of the time-dependent Hartree-Fock (TDHF) or the time-dependent Hartree-Bogoliubov (TDHB) theory, the collective motion is dynamically determined out of the full-shell model space by a self-consistent scheme.
Recently, we analysed 2 )-4) the microscopic mechanism of sudden onset of the shape transition from vibrational to rotational spectra at around N ~90 (N denotes the total neutron number of a nucleus) using by the Dyson-type see method 5 ) developed by Takada and Shimizu, in which the Slater determinant state vector is expressed as non-unitary form. Although the Dyson version of the see method is equivalent to the original one, it can be advantageous for the purpose of investigating the dynamical coupling effect for realistic applications, because the kinematical anharmonicity is taken into account without any truncation of the expansion_ The numerical calculations 3 ), 4) for Sm isotopes showed that, starting from the spherical shell-model basis, a clear structure change from vibrational motion to rotational one appears in energy spectra and E2-transition properties. Moreover, the dynamical mode-mode coupling between the collective quadrupole RP A mode and many kinds of non-collective ones with several spins] =0+, 2+,.4 + is essential to reproduce the shape transition.
On the other hand, since the "shape phase transition" represents the structure change of the nuclear mean-field, it is also interesting to study the single-particle properties in the mean-field associate to the collective motion. It is well known that when the nucleus is deformed it leads to significant re-distribution of the shell structure. 6 ) Phenomenologically, the single-particle properties of the deformed nuclei can be well understood by the deformed Nilsson + BeS (quasi-particle Nilsson) picture which was established by measurement of the single-particle spectroscopic factors making use of the stripping and pick-up reactions.
)
Therefore, in order to understand deeply the microscopic mechanism of the deformation we should study the single-particle occupancy structure 8 ), 9) in the mean-field. It is an outstanding problem whether the nuclear deformed states can be described by the Slater determinant state vector in' the TDHF or TDHB theory starting from the spherical single-particle configuration. Furthermore, from a dynamical point of view, it is inevitable to clarify a problem how the intrinsic coordinate system associate to the rotational degrees of freedom is extracted from the simple quadrupole vibrational motion of the coordinate system in the course of the transition from vibrational motion to rotational one.
In this paper, for the first step to study the single-particle aspect of the mean-field dynamics, the static and axial symmetric deformation is considered. We analyse how the single-particle configuration changes in the course of the quadruple motion and whether the nuclear deformed mean-field can be described not-assuming the phenomenological Nilsson model. For this purpose, we use the see method which can define also the single-particle state associated with the collective motion.
lO )
Differently from the previous calculations, the unitary form of the Slater determinant state vector is used in applying the see method. In describing the single-particle motion, it is more convenient to take the unitary one, since to keep the property of unitarity is very important in the calculation of the wave functions of the singleparticle states. In § § 2 and 3, we develop a ·formulation to describe the quasi-particle motion in the mean-field. The quasi-particle motion in the moving-frame 10 ) of reference called the collective quadrupole vibrating coordinate frame is introduced by the generalized Bogoliubov transformation depending on the collective coordinates. Using the method we analyse the single-particle spectra and occ.upation probabilities. Shimizu and Matsuyanagi ll ) developed a method describing the rotating shell model for high-spin states based on the see method, which results in the diabatic representation when the basic equation is solved up to a finite order of expansion in terms of the rotational frequency. We can expect the present approach for the case of vibrational motions also has the properties similar to their method; namely, individual singleparticle state in the mean-field is unambiguously specified as a function of collective coordinates in which internal structure of the single-particle state vectors regularly change with collective C0ordinates.
Employing the prescription proposed by Matsuo/ 2 ) we introduce the collective coordinate for the pairing-rotation in addition to the collective coordinates for quadrupole motion, which eliminates the spurious state due to the nucleon-number non-conservation in the TDHB state vector by taking account of the coupling between the quadrupole motion and pairing-rotation. This treatment plays an essential role in the' calculation of the occupation probabilities. The procedure of the numerical calculations in the case of the static deformation for Sm isotopes is given in § 4. The single-particle properties in the mean-field with quadrupole deformation.in terms of the level diagrams and occupation probabilities are discussed in § § 5 and 6. Concluding remarks will be given in § 7. § 2. Basic formulation
Z.1. The Hamiltonian
We start with the spherical symmetric quasi-particle shell-model basis. The interaction Hamiltonian used in: the present work consists of the monopole pairing (Po) force, the quadrupole pairing (H) force and the quadrupole-quadrupole (QQ) force. Both of the Po and H forces consist of the proton part and the neutron part being denoted by 7r and ].I, respectively.
The Hamiltonian is written in the quasi-particle representation as
where a~ and aa are the quasi-particle creation and annihilation operators in the spherical shell-model basis, and its state is characterized by a set of quantum numbers a=(na, la, ja, m a, p=7r or ].I). We use a letter a to express the same set except ma and also a subscript -a obtained from a by changing the sign of ma; ta is a single quasi:particle energy and the symbol: : denotes the normal product. The operators P/(p) and PJ(p) (P=7r or ].I) denote the J=O and J=Z coupled nucleon pairs, respectively, and Q2M the mass-quadrupole moment:
where d and Ca are the nucleon creation and annihilation operators, a the timereversed of a defined by aa=( -)ja-maa_a; Ua and Va denote the coefficients of the BCS transformation.
In Eqs. (2·2) the quasi-particle pair operators are defined by
V2mamn
where
Determination of the mean-field
Let us assume that the collective motion under consideration can be described by the time-evolution of a Hartree-Bogoliubov (HB) state vector which is specified by a set of collective coordinates 7J2m, 7Jim with spin 2 and its projection m(m=O, ±1, ±2) corresponding to the collective quadrupole motion, and rpp, N p with p=7r(or j)) representing the proton (or neutron) pairing-rotational motion. The pairingrotational collective coordinates 12 ) rpp, N p restore the particle number conservation violated in the quasi-particle representation.
The time-dependent HB state vector is generated from a spherical symmetric static HB vacuum I CPo> by the unitary transformation as
where Np is the nucleon number operator. The intrinsic state independent of the gauge angles rpp is written as 
where N po is the nucleon number and the collective Hamiltonian j{COll is defined as (2·10) Equations (2·9) are the canonical-variable conditions l ) which guarantee the collective coordinates to be canonical. The equation of the collective submanifold (2· Sa) defines the collective hypersurface within the TDHB manifold by taking variations perpendicular to the surface, and Eq_ (2·Sb) describes a time-evolution of the collective motion on the surface. 13 ) These basic equations are solved by the (7), 7)*)-expansion method. N p ) corresponds to the RPA pairing-rotation. By solving the higher order basic equations, the microscopic structure of the collective coordinates change its form beirig affected by the non-collective RP A modes. This selfconsistent scheme can take into account the important feature of the non-linear dynamics of the nuclear collective motion. As for the detailed procedure of solving the basic equations, readers can refer to Ref. 12) for the general scheme and Ref. 2) for the application of the quadrupole motion.
Single-particle motion in moving-frame of reference
The next task is to describe the single-particle motion in the mean-field. Let us rewrite Eqs. (2·8) in the variational form with respect to l1f1intr!(7j2m, 7j[m, Np»,
where the infinitesimal generators 61M(7Jzm, 7J1m, N p) and 6zM(7Jzm, 7J1m, N p) are defined by
and O'!lfIintri( 7JZm, 7J 1m, N p » denote variations perpendicular to 6 lM( 7JZm, 7J 1m, N p ) and
62M(7Jzm, 7J1m, N p ).
The Hamiltonian H'(7J2m, 7J1m, N p) describes the nucleon motion with respect to the time-dependent HB state vector !lfIintri(7Jzm, 7J1m, N p». Therefore, the TDHB state vector defines a moving-frame lO ) called the collective quadrupole vibrating coordinate frame and nucleons move in the frame with respect to the collective motion. The second and third terms of the Hamiltonian are the generalized "cranking" terms which manifest themselves as the "particle-collective coupling"l) in the moving-frame.
The self-consistent single-particle Hamiltonian h '(7J2m, 7J1m, N p) in the movingframe of reference is given by
where hsp(7J2m, 7J1m, N p) is the one-body part of H, i.e, the single-particle Hamiltonian which contains the mean-field associated with the time-dependent HB state vector !lfIintri(7Jzm, 7J1m, N p ». 
where aa satisfies the vacuum condition with respect to IlPintri(17zm, 171m, N p»
The inverse transformation is
From the restriction of unitarity, the matrices C and D satisfy the following relations:
where D is positive-definite and hermite, then it can be written as
The explicit form of the infinitesimal generator is written as/ 4 ), 15) where
Thus, the single-particle Hamiltonian in the moving-frame of reference is written as
It is noted that from the variation principle Eq. (2·22) the single-particle Hamiltonian contains no dangerous terms a~aJ and aaap. This property enables us to define the quasi-particle basis dt which diagonalizes the quasi-particle Hamiltonian,
and, at the same time, which satisfies the vacuum condition The diagonal matrix element Paa(r;2m, r;lm, N p ) indicates the occupation probability in spherical nucleon basis state a. In the spherical limit (r;2m-?O), the matrix p results in the BCS occupancy solution in the spherical basis having no off-diagonal components; namely, When the pairing field is deformed with increasing the collective coordinates (r;2m, r;lm, N p ), the matrix changes depending on the collective coordinates and the off-diagonal components have non-zero values due to the configuration mixing between the singleparticle states. Therefore, it is interesting to investigate the configuration mixing. mechanism between the single-particle states in the course of the nuclear deformation.
For this purpose, we define the occupation probabilities in a deformed singlenucleon basis. We divide the single-particle Hamiltonian h~p(r;2m, r;lm, N p ) into the nucleon number conserving part and non-conserving one by rewriting it in the original nucleon representation:
where, the first term denoted as h~\fN=O)(r;2m, r;lm, Np) is nucleon number conserving part with eliminating the pairing correlation but violating the spherical symmetry. Consequently, the occupation probability p p. in the deformed single-nucleon state .
f1 is defined by
Finally, it is convenient to introduce the collective coordinates and collective momentum parameters (q2m, P2m) which are related to (7j2m, 7jtm) as
where z is a scaling parameter. § 
Static deformation
From now on, we consider the collective motion along a path which is the static deformation, i.e., P2m=0, and the axial symmetry (y=O). Then the mean-field is described in terms of a single coordinate /3. Here /3 and yare deformation parameters in the intrinsic coordinate system, which are defined by (3·1)
In this case, the values of the matrix elements gap and g;p are reduced to real Thus, the single-particle Hamiltonian hsp (/3) in the moving-frame of reference is given by (3·8)
where U is a constant depending on the collective variable /3, and < ... > denotes the expectation value with respect to the state vector IlJfintri(/3» .
. Consequently, the quasi-particle energy levels e f.t(/3) and the basis d!(/3) are determined by with where Ul't(/3) and Uji(/3) are written by using the decomposition of the Bloch-Messiah theorem as the following way:
Therefore, a unitary transformation between thebasis (uZ(/3), Uji(/3)) and (d, eli) can be completely determined by the generalized Bogoliubov transformation. The single-particle Hamiltonian h~p(dN=O)(/3) with the pairing correlation removed is written as The occupation probability in the state f-1 is given as functions of the collective variable /3, (3 ·15) where the matrix p(/3) is written by using Eq. (3·10) together with the BCS transformation as (3 ·16) where we have used the property WTW = WW T =1.
In the following sections, we analyse the microscopic properties of the singleparticle motion in the mean-field for the Sm isotopes by using the method presented above. § 
.. Procedure of calculation
We start with the spherical Nilsson single-particle Hamiltonian.
I6 )
We use the quasi-particle representation on the basis of the residual two-body interactions consisting of the monopole (Po) and quadrupole (P2) pairing forces and quadrupolequadrupole (QQ) force. The single-particle space is truncated to the active singleparticle orbits which are 251/ In dealing with the monopole-pairing interaction, the parameter Go, which is related to the pairing-force strength G through G=GoA-I with the mass number A, is so chosen that the pairing energy gaps, Llp and Lln, calculated from the experimental even-odd mass differences I7 ) are reproduced. They are listed in Table 1 . The parameter Xo is related to the QQ-force strength X through Xo= xb 4 A5/3 with the harmonic-oscillator constant b 2 =1.0·A I / 3 fm2. The quadrupole-pairing force strength was specified by the ratio g2= Gz/x. The values Xo and g2 are fixed to be Xo =185 MeV, g2=0.95 for Sm isotopes, which are the same as those used in the previous work;3),4) they are so chosen that the experimental energies of the low-lying collective states and B(E2) value from the 21+ state to the ground state are nearly reproduced· as a whole in the calculation by means of the SCC method with the canonical quantization procedure.
In order to describe the singleparticle motion in the moving-frame of reference, we must first determine the mean-field Ilflintri(T/2m, T/tm, N p » by solving the basic equations (2·8)~(2·10). They can be solved by using the (r;, r;*, N)-expansion technique.1),12) In other words, the quasi-particle energy can be evaluated by using the commutators which require the single-particle Hamiltonian eiG fi~peiG having no dangerous term in each order with respect to the powers of the collective variables. On the other hand, in calculating the wave function dZI Wintrl), it is important to keep the property of unitarity Eq. (2·33) or Eq. (3·10). However, the (r;2m, r;tm, Np)-expansion method cannot easily be incorporated with the unitary relation, since the property of the urtitarity is not satisfied in each order of expanded equations. To avoid the difficulty, we solve the equations in the following way: First, we solve the basic equations (2·8) ~(2'10) with the aid of the (r;2m, r;tm, Np)-expansion method and determine the opera-. tor iG; second, by using the resultant operator iG the unitary transformation is carried out exactly.
For the first step, by solving the RP A equation, we can determine all possible RPA normal modes. Among the quadrupole (j"=2+) RPA modes, we select the lowest-energy one denoted by /\=/\0 as the collective mode. In solving basic equations (2·8)~(2·10) by means of the (r;2m, r;tm, Np)-expansion method, we have to impose an appropriate boundary condition which fixes the canonical-coordinate system for the collective submanifold. We require that the collective motion described by the see method should tend to the collective RP A phonon mode at small amplitude limit. The basic equations of the see method are invariant under the linear canonical transformations for the collective coordinates. We can therefore choose, within this ambiguity, an arbitrary canonical coordinate system without affecting the structure of the collective submanifold. 15
This ambiguity results in an arbitrariness of choice of one parameter for the collective quadrupole-RP A mode (j" = 2+, /\ = /\0). In order to fix the canonical-coordinate system (r;2m, r;tm), we adopt the "optimized RPA boundary condition" proposed by Matsuo and Matsuyanagi. 19 ) In the calculation of the occupation probabilities, it plays an essential role to introduce the pairing-rotational motion as the collective variables in addition to collective quadrupole motion, which approximately restores the violation of the nucleon number conservation in the quasi-particle representation by taking account of the coupling between the quadrupole motion and pairing-rotation. As an example, the calculated results show that the deviation of the particle number LlN p from the total neutron number N po in Eq. (2·37) for the case in 152Sm is LlNp/Npo ~ 0.02 at the deformation ,8=0.3, in which wetook into account the 40 active neutrons. As we are interested only in the collective motion built on the starting HB state I cPo> at a fixed particle number, we may put the collective coordinate Np=Npo (or Jl p=0). 12) In the present work, we solve the basic equations up to second order with respect to the powers of collective coordinates (r;2m, r;tm, Np ). In this case, mode-mode coupling between collective RP A mode and all possible kinds of non-collective ones with spin 0+, 2+ and 4+ are taken into account. Since we have no hexiadecapole interaction in the original Hamiltonian, all possible non-collective modes with] =4 + are none other than the quasi-particle pair excitations AIM(ab). After solving the basic equations, we can determine the operator iG and the expectation values in Eq. (3·8) are determined up to second order in terms of collective variables. Moreover, using these solutions the matrix elements for the derivative of C* or C T with respect to the collective coordinates are determined up to first order. After using the coordinate transformation (2·42), we put P2m=0, y=O in above quantities.
In Eq. (2·42) the scaling parameter z is so fixed that the magnitude of the deformation parameters (P, y) are identical to the conventional ones denoted by iizm with iJ20= lIcos 7, iJ2±l =0, and iJ2±2=(I/ j2) lIsin 7 in the macroscopic model, which is determined by the following relation:
where A is the mass-number and R is the average radius of the nucleus; Q2m is the collective representation of the charge-quadrupole operator for the static collective path,
with (4·3) where eeff is the effective charge given by 
which is fixed to be oe=l.le as that used in Ref.
3). The quasi-particle representation of Q2M is given by (4·5)
A full detail of notations is given in Eqs. (2·2). In solving Eq. (4·1) with y=O we take into account up to second order in terms of p. However, the second order terms of < Q 2M> are quite smaller than the first one. It is confirmed that the calculated value of the deformation parameter P (or the scaling parameter z) if only including the first order term in < Q2M> deviates 0.6% at P=0.3 for 152Sm. Thus, within the limits Of the present treatment, the second order term can be neglected and then it can be regarded as that the deformation parameters (P, y) are equivalent to the macroscopic ones.
In the second step, we construct the generalized Bogoliubov transformation (unitary transformation) of Eq. (3·10). By diagonalizing the matrix elements raip), the eigenvalues of matrices A and B are obtained in Eq. (3·6), and we can determine A, B by using the inverse M-transformation. We construct the quasi-particle Hamiltonian fi~p of Eq. (3·8) and single-particle one fi~<:N=O) of Eq. (3 ·11). Finally, we can obtain the quasi-particle spectrum and its wave function by diagonalizing the aJap part of fi~p, and also the single-particle spectrum and its wave function by diagonalizing fi~<:N=O). § 5. Properties of the single-particle motion in the moving-frame of reference
First of all, we examine the properties of the quasi-particle structure in the moving-frame of reference. The calculated quasi-particle energy level diagrams e 1'(/3) as functions of the collective coordinate /3 are shown in Figs. 1 ~3 and Fig. 4 for neutron part of 148-152 Sm isotopes and proton part of 152Sm, respectively.
It is seen from these figures that the quasi-particle energy levels smoothly change as functions of the collective-coordinate (deformation parameter) /3. Therefore, we can specify individual single-particle states along the collective path, which are well defined by the generalized Bogoliubov transformation (3 ·10). This behavior is similar to that of the Shimizu-Matsuyanagi method lll for constructing the diabatic quasiparticle representation used in the rotating shell model for high-spin states.
The quasi-particle levels drastically change depending on the collectivecoordinate (deformation parameter) and internal structure of individual quasiparticle state changes with /3. It is also seen from these figures that the neutron number dependence appears in the level diagrams. The quasi-particle motion in the moving-frame is characterized by the nature of the collective quadrupole motion (3 Fig. 1 . Calculated the quasi-particle level diagram for neutron orbits of l4SSm nucleus is shown as functions of the collective-coordinate (deformation parameter) (3. Levels with positive and negative parity are drawn with solid and dashed lines, respectively. through the particle-collective coupling. The collective quadrupole motion for 148Sm shows a vibrational character with relatively high frequency of the collective RPA phonon (see Table I ). As the neutron number increases, the collective motion evolves in the rotational character with decreasing the frequency of the collective RP A mode and thus the corresponding quasi-particle level structure changes its form. Next, we will discuss the occupation structure of single-paiticle states in the course of the quadrupole deformation. The calculated single-particle energy level dia,gram ep.(/3) with the pairing correlation removed for neutron part of 152Sm is presented in Fig. 5 . In this figure, the term )wN is dropped in the single-particle energy levels ep.(/3), because it does not affect the relative single-particle energies. This level structure bears a close resemblance to the Nilsson level diagram for quadrupole deformation.
The occupation probabilities' p p.(/3) defined for the single-particle basis corresponding to ep.(/3) are shown as functions of the collective coordinate (deformation parameter) /3 in Fig. 6 . It is clearly seen that the occupation structure of singleparticle states result in redistribution of the mean-field with increasing deformation. This feature originates from the dynamical properties of the mode-mode coupling between the collective and non-collective mode of motions, which will be discussed in § 6. pp(BCS)=_ 1-
As the deformation is increased, the occupation probabilities . increasing as increasing the collective coordinate /3 and cross over with the decreasing high m" states belonging to vhll/z orbits, which corresponds to the level crossings as seen in Fig. 5 . The same property is seen in the calculations for proton part of 152Sm. The proton single-particle level diagram and corresponding occupation probabilities are displayed in Figs. 7 and 8 , respectively. In Fig~ 8 is also clearly seen the significant deformation dependence of the single-particle structure. In particular, the occupation probabilities of the low m" states belonging to 7rhll/Z orbits drastically change with the deformation.
The calculated result for vi13/z orbits is rather small. The behavior of the occupation probabilities of the orbits in Fig. 5 is more softer than that of the deformed Nilsson + BCS prediction, and it corresponds to the splitting width of the singleparticle levels reproduced about 90% value of the Nilsson model. This is because of the smallness of the single-particle model space in our calculations, in which the Vi13/2 orbits cannot mix with any other orbits in the above major shell. § 6. Microscopic structure in the deformed mean-field According to the previous analysis,3).4) the mode-mode coupling effect between the collective RP A mode and many kinds of the non-collective ones with various spins 1"
. =o+, 2+, 4+ plays an essential role in describing the large-amplitude collective motion, especially sudden on set the shape transition from vibrational to rotational spectra. The mode-mode coupling effect is also inevitable to construct the single-particle motion in the mean-field. In order to see this point we demonstrate a calculation eliminating the dynamical mode-mode coupling effect for the neutron single-particle level diagram ep(S) of 152Sm in Fig. 9 , in which the operator it is truncated to include only the first order part with respect to the collective variable and the expectation value <Q20> is taken into account up to third order. It is clearly seen in Fig. 9 that the calculated result neglecting the dynamical mode-mode coupling between the collective RP A mode and non-collective ones fails to reproduce the deformed single-particle level structure. This is because the expectation value <Q20> neglecting the mode-mode coupling is saturated at large deformations due to the Pauli repulsion effect between the collective RP A modes. The same situation also appears in the proton part of 152Sm.
The occupation probabilities when neglecting the mode-mode coupling are shown in Fig. 10 for neutron orbits of 152Sm and in Fig. 11 for proton orbits, respectively. As seen in Fig. 10 , the occupation probabilities for the orbits below the shell gap N =82 do not change with deformation, which corresponds to that having no level crossing seen in Fig. 9 . Moreover, the deformation dependence of the occupation probabilities of the Jrhll/2 orbits in Fig. 11 is softer than that seen in Fig. 8 . We can therefore conclude that the mode-mode cou· pIing is also important in describing the occupation structure in the deformed mean-field.
The occupation probability is a quantity which directly represent the microscopic structure of the TDHB state vector l1Jf;ntri(r;2m, r;fm, N p ». It is therefore necessary to investigate not only the singleparticle energy levels but also the TDHB state vector l1Jf;ntr!>=e iG I¢o> in order to understand the deformation dependence of the occupation probability.
The first order term of the coefficients in the operator iG is written by
where XAoJ=2(ab) and YAoJ=2(ab) are forward and backward amplitudes of the collective RP A mode, respectively. Thus, the occupation probabilities depend only on the amplitudes of the collective quadrupole RP A mode, which contain only a few orbits near the Fermi surface and are simply scaled with the deformation fJ. Therefore, it does not contain the configuration changing mechanism with only including the first order term. The second order of Tap comes from the dynamical mode-mode coupling between collective and non-collective RPA modes and pairing-rotation, which is written by
where WAf is excitation energy of the non-collective RPA mode with (il*ilo,]=O+, 2+, 4+), and 15 is defined by with The amplitude n~) consists of the sum of many kinds of the individual mode-mode coupling. These mode-mode coupling effects give rise to the configuration mixing between orbits. In particular, high-lying pure or almost pure quasi-particle pair excitation modes have rather large contribution to the coupling coefficients. Therefore, these combinations of the quasi-particle pair including the orbits far away from the Fermi surface contribute as a function of /3 2 to the amplitudes raP and consequently it brings about the configuration changing in the deformed mean-field. § 7.
Conclusion
In this paper, we have investigated the microscopic structure of the single-particle motion for the spherical-deformed transitional nuclei. The single-particle motion in the collective vibrating frame is described based on the self-consistent collective coordinate (SeC) method, in which the single-particle state is introduced by the generalized Bogoliubov transformation depending on the collective coordinates. The numerical calculation has been carried out for Sm isotopes. From the results of the microscopic calculation, we can conclude the following:
(1) The single-particle energy levels smoothly change as functions of the collective coordinate (deformation parameter), therefore individual single-particle states in the mean-field can be well defined with deformation.
(2) The single-particle properties in terms of the single-particle (quasi-particle) energy level diagram and single-particle occupation probabilities with deformation are successively described in the microscopic calculation.
(3) A clear structure change appears in the single-particle configuration with deformation. This feature originates from the dynamical property of the interweaving between the collective RP A mode and many kinds of non-collective RP A modes with several spins] =0+, 2+,4+. Moreover this mode-mode coupling is inevitable to describe the single-particle motion in large-amplitude quadrupole deformation.
In the present calculations, we have used the effective interaction of the Po+ pz + QQ force Hamiltonian. More precise studies including the improvement of the residual interaction such as the three-body effective interaction,Zl)-Z5) which is derived by the condition for the volume conservation of the one-body nuclear potential, are now in progressing. We have considered for the axial symmetric and static deformation. It is an interesting problem to develop the intrinsic single-particle motion for Pzm=l=-O with non-axial symmetry. Finally, the present calculations do not directly correspond to the previous calculations of the collective energy levels and E2 transitions since the latter ones had been carried out based on the Dyson version of the SCC method. The relation between them should also be clarified.
